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COVID-19 Infection During Pregnancy and Risk of
Neurodevelopmental Disorders in Offspring: Time for
Collaborative Research

To the Editor:

The current coronavirus disease 2019 (COVID-19), which is
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has become the worst pandemic since the
1918 influenza pandemic (1). This novel viral infection, first
reported in December 2019 in Wuhan, China, spread around
the world in just a few months, causing an overwhelming in-
ternational health crisis that could affect up to one-third of
humanity (1,2). COVID-19, which causes fever and mild to
severe respiratory symptoms, is closely related to other
coronaviruses (CoVs), such as SARS (SARS-CoV-1) and
MERS-CoV (Middle East respiratory syndrome CoV) (1). Cu-
mulative studies have demonstrated that acute respiratory
virus infections such as CoVs and influenza can lead to long-
term neurological and neuropsychiatric symptoms (3-5).
Moreover, there is evidence suggesting an association be-
tween prenatal exposure to these respiratory infections and an
increased risk of neurodevelopmental disorders in offspring,
such as schizophrenia, bipolar disorder, and autism (4,6). The
potential for over 100 million women currently pregnant around
the world to be exposed to COVID-19 (2) raises concerns
about the possible increased risk of neurodevelopmental dis-
orders in their offspring.

A number of different mechanisms have been proposed to
explain how maternal infection may interfere with brain devel-
opment in the offspring: 1) systemic allostatic overload with
loss of structural and functional placenta integrity, 2) activation
of the maternal and fetal immune responses with the produc-
tion of neuronal antibodies and proinflammatory cytokines,
and 3) interference in the fetal neurodevelopment by direct
brain infection (3,6-8). However, there is currently limited evi-
dence regarding the risk of intrauterine vertical transmission of
SARS-CoV-2, and whether the virus has neuroinvasive po-
tential via retrograde axonal transport from peripheral nerves or
via a hematogenous route is the subject of ongoing debate
(1,9). Thus, attention should focus on how COVID-19 infection
could affect the fetal brain through the loss of placental
integrity or activation of immune/inflammatory response.
Special consideration should be given to the role of cytokines
and activation of fetal microglia, mast cells, and astrocytes;
changes in placental neurotransmitter production; the conse-
quences of prolonged fever, hypoxia, hypertension, electrolyte
abnormalities, and changes in the microbiome; and the effects
of medication employed to treat the infection (6,8,10). It should
further be noted that most of the data currently available
concern neonatal and delivery outcomes from low-quality
studies of pregnant women infected by COVID-19 in their
third trimesters (9). Therefore, the impact of prenatal exposure
to SARS-CoV-2 in fetal neurodevelopment is practically un-
known, especially in pregnant women infected during the first
and second trimesters.
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Prevention and control of the COVID-19 pandemic are
major worldwide health problems, and interdisciplinary ap-
proaches are needed to develop effective epidemiological
strategies against the virus. Beyond this, and prioritizing the
concern for adverse fetal brain development in pregnant
women infected with SARS-CoV-2, assessment of the neuro-
psychiatric complications in their offspring has become para-
mount. Thus, the pandemic provides an unprecedented
context for clinical and translational research to further explore
the mechanisms underlying breakdowns in fetal neuro-
development during maternal infection, unknown partly
because of methodological constraints of previous studies
(3,6). Cohorts of COVID-19-infected pregnant women may
currently provide biological (e.g., umbilical cord and placenta
samples) and clinical (e.g., maternal serum samples and
neonatal filter paper blood samples) data that would enable the
acquisition of very valuable genetic, metabolic, and immuno-
logical information. Such information would help determine the
extent to which maternal infection, in addition to genetic
vulnerability, contributes to an increased risk of neuropsychi-
atric disturbance in the offspring, and would improve our un-
derstanding of the role of immune-inflammatory mechanisms
during pregnancy in the etiology of neurodevelopmental dis-
orders (10). It would thus be possible to overcome the limita-
tions of previous research and find the answers to some
relevant unresolved questions: Is there a sensitive period, and
is maternal exposure to infection during early pregnancy more
harmful than later exposure? Is the male placenta (XY) more
sensitive than the female placenta (XX) to the effects of the
prenatal infection? Could this be the underlying cause of sex
differences in the prevalence of mental disorders? Is the risk of
neurodevelopmental problems during maternal infection higher
in those offspring with a family history of neuropsychiatric
disorders? How does this genetic risk interact with maternal
inflammation and other perinatal and postnatal contributors?
Does the effect of gestational exposure to infection differ
among ethnic and cultural groups? If so, what would be the
role of health disparities on offspring neurodevelopmental
abnormalities?

Now is the time to design and implement an agenda for
future collaborative research on prenatal effects of COVID-19
on neuropsychiatric outcomes (Box 1). Such population-
based birth cohort studies of SARS-CoV-2-infected preg-
nant women should involve detailed systematic clinical and
biological examinations during pregnancy and delivery along
with an extended follow-up of the offspring, including neu-
rocognitive, neuroimaging, and electrophysiological exami-
nation. They could also include different racial, ethnic, and
socioeconomic groups, as well as direct comparison with
offspring of noninfected pregnant women. These research
projects could offer a great opportunity for a better under-
standing of the role of maternal infection in the etiopatho-
genesis of brain disorders. Moreover, they could contribute to
establishing risk factors, improving diagnostic specificity, and
designing innovative treatment methods. Because all these
challenging goals can only be tackled with more robust
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Box 1. Highlights for Future Research

Epidemiological studies have found that prenatal exposure to acute respiratory infection is linked to a range of neurodevelopmental and psychiatric
disorders. However, the etiopathogenic mechanisms underlying breakdown in fetal neurodevelopment during maternal infection remains unknown.

Large-scale and long-term prospective population-based birth cohort studies of COVID-19-infected and unaffected pregnant women are needed to
unravel the complex interactions between maternal infection and risk of neurodevelopmental disorders in offspring.

Perinatal data collection should include environmental, ethnic, cultural, social, clinical, genetic, and biological information, whereas neurodevelopmental
outcomes should be systematically tracked through early adulthood and include neurocognitive, neuroimaging, and electrophysiological
assessments.

These research projects could provide valuable information bridging gaps in knowledge of the link between the activation of immune-inflammatory
response during maternal infection and the appearance of neurodevelopmental and neurobehavioral symptoms in the offspring. Similarly, they could
enable the identification of other early neurodevelopmental biomarkers.

Major challenges to be overcome in these studies will be logistical and financial barriers to their implementation, such as standardization of procedures
for data and specimen collection during the perinatal period across sites, participant long-term commitment, and operating costs of long-term routine
follow-ups.

To tackle goals and overcome obstacles, these studies should be developed within a collaborative multidisciplinary framework including basic science,
preclinical, translational, and clinical research. Moreover, they should preferably be carried out under the auspices of international organizations with
access to adequate funding resources.

COVID-19, coronavirus disease 2019.
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